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Physics motivation. Why are lepton pairs an ideal probe? fk?ég\\

HADRES
“ Medium modifications of hadrons: = ;7 {OMD, C. Hartusck, Nastes
9 In-medium mass shift a Au+Au, 1.5AGeV, h=0fm
0 In-medium broadening 2

0 Or both

t [fm/c]

mass [MeV/c'] ct[fm] e'e branching ratio

p 768 13 44 x10°

0 782 234 72x%10°

= Advantage: d 1019 444 3.1x10°
0 Sufficiently short life time
= decay at least partially inside the hadronic medium
2 Decay channel into lepton pairs
® no strong final state interaction
“ reconstruction of in-medium properties possible
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Physics motivation. Why are lepton pairs an ideal probe? Z}@Q

HADIEES
Medium modifications of hadrons: = 3 {OMD, C. Hartusck, Nastes
9 In-medium mass shift a AutAu, LSAGeY, b=0fm
0 In-medium broadening 2

0 Or both

E xperlmental challenge!
49 Vector mesons are rare probe:

@nugﬁ_
- 1 VM per 1-10 Million reactions!
(o)
Advantage: 9 Large background ™ - yy (BR 99%)
2 Sufficiently ° 2 yete (BR 1%)
decay

9 Decay channel into lepton pairs
no strong final state interaction
reconstruction of in-medium properties possible
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Overview of heavy-ion experiments fxfé&

HADIES

‘i‘sﬂ""mn -
RHIC ¢ :

~—
PH ENIX HBD

SPS HELIOS
&
SIS 300 Cri
B4

SIS 100 — M > FAIR

AGS HADES

upgrade

SIS18 : —

Bevalac m HADES

1987 +10 + 10
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http://www.star.bnl.gov/
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DLS at the Bevalac: e‘e pairs _m

DiLepton Spectrometer

Scintillator

Eerenkov
Detectors

DLS at the Bevalac (1987-1995)

¥,
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S+

DLS at the Bevalac: e‘e pairs _m

o
PHYSICAL REVIEW LETTERS I8 AUGUST 1997
S —————

DiLepton Spectrometer

VOLUME 79, NUMBER 7

Scintillator

9

Calculation: E.LBratkovskaya e Calculation: Ernst et al. % Calculation: C. Fuchs et al.
Wer— 7T 1 7 " T T T T T E 10° _ I 10
7 Ca+Ca, 10 A GeV E 2 Broadening » meseons & Mass shift : 3um(m’)
N‘_mz;_ L in-medium masses | 10 .t ; _ %:Da'iu % 10’
. 3 10 ¢
O f g 310
im 3 Eiw“ E
o 2 ] = 1
Zu'L 5 r :g
A i <10 ]
L 10 ! :: -
10'15_ ;_:E-i,_i Ca (1.04 GeV) Ca :':_: . 10—: L L I
oo o1 0z 03 o 08 56 o7 08 os 10 00 02 04 06 08 10 02 04 06 0.8
M [GeV/c) (GeV) M [GeV] M [GeV]
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S+

DLS at the Bevalac: e‘e pairs _m

e
PHYSICAL REVIEW LETTERS 18 AUGUST 1997

v
DiLepton Spectrometer

VOLUME 79, NUMBER 7

Scintillbor
Hodoscopes

J " Ll \ - ; “ .Ir
S Y =— SR
Calculation: E.LBratkovskaya e Calculation: Ernst et al.
6v2 PRC 58 (‘98) 447

Ca+Ca, 1.0 A GeV
in-medinm masses

al.
" Phys. Rev. C68 (2003)
. 014904

LB,

nucl-th/980905

|
—
=

.. DLS puzzle!
/| — Are DLS data wrong ? |
*t /| - Or something important is missing in the theory ? J

01 02 e 0.6 08 1.0
M [GeV/c] (GeV) M [GeV] M |GeV]

do/dM [Ub/GeV ¢
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The HADES spectrometer [/2&&

| HADIES
Geometry
Six sectors form a hexagonal frustum:
° 21 iN @

*18°< 0 < 85°
* Pair acceptance = 0.35

Pre-Shower

Tracking
Superconducting toroid magnet (6 coils)
*Bmax =0.7T

MDC (multiwire drift chamber)

Beam

Lepton Identification
RICH , TOF & PreSHOWER

Trigger
LVL]1: particle multiplicity > 3
LVL2: RICH - META correlation

Total statistics
650M LVL1 events

lm
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Completed Runs /;;éﬁ;g;\x

HADES
Physics p, d, Tt- induced A+A Status/Comment
Runs in...

2002 C+C2AGeV Published!
2004 C+C1AGeV Published!
2004 p+p22GeV Analysis finished
2005 Ar + KC| 1.75 AGeV Analysis ongoing
2006 p+pl.25GeV Analysis ongoing
2007 p+p35GeV ... online results!
d+p 1.25 AGeV
2008 p+A 3.5GeV Analysis ongoing
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Experimental dilepton spectrum before efficiency correction ;;ég;\x

10—3% s CB i %—

0 02 04 06 08 1
M., [GeV/c]

~ 23000 S
~ 2000 S

full M_. range
M. > 0.15 GeV/c?

e+e-’

e+e-’
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HADIEES
| | [T T T | T T T | T T T | T T T T T T ] . .
T 109k 126 . 12C 2 AGeV 1 Combinatorial Background
*::-E ?0% 0. >9° 1> M,..<0.15GeV/c?: Same event like-sign
4L e — .
O 10 Fuma o 1> M, > 0.15GeV/c? : Event mixing
—_— _i ° E o ]
z% 10°F ‘s, s o 3 Spectrum normalization:
E B ! ; o ]
Z 10°F | ¢ ;¢ { to total number of events
O f o alpais R { and to mmultiplicity: N, = (N, + N_)/2
Z 107F o 4 Lo = A
= F « signal A N



Experimental dilepton spectrum before efficiency correction ;;ég;\x

HADIES

| | [ T T | T T T | T T T |
9 10%k 2C +12C 2 AGeV
o 107F
= e 0, >9°
8 10 L2
9] A o
E 4 ® i O
[ o A T
B 10_52_ .=(:o
= - | 38
T '5s
Z 10°F I;
© o all pairs
7L
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oo} + o
:l 1 1 I 1 | | I 1 1 1 |

Combinatorial Background
» M_.<0.15GeV/c?: Same event like-sign

> M, > 0.15GeV/c? : Event mixing
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& ;A,p“ : o . T i
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- » ]
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Direct Comparison of HADES with DLS Data [/;é&

HADIES

HADES vs. DLS acceptance (y_ = 0.68)

Eﬂﬂ_— log. z scale! 0 EGD__ -
2 n
|- = =) =
600} 600}
T 1 ADES .
E E Soegn. o
> Z o)==
g [ Y 0 o 0 ]
= 400} = 400} EERACEESE
— — = o i
G G ' e
200} 2001 Smama
[ [ | e SEez: IDLS
0 0™ ; 2
ylab
mid-rapidity mid-rapidity

® Different phase space coverage of HADES and DLS

® Projection of HADES data onto the DLS acceptance & extrapolated to the
region where HADES has no acceptance
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Direct Comparison of HADES with DLS Data /;;éﬁ;g;\x

A A 1 GeV/u HADES
= A 1.04 GeV/u DLS

— 10°F T T T 1
R -
Q B
2=
o 10°F 5
S Vi
c 10g < Sl .
3 - JR-
= i
$ |
o 107'F
o) -
) i
1072 5
0 0.2 0.4

DLS Data: R.J. Porter et al.:
Phys.Rev.Lett. 79 (1997) 1229
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1/(2x P ) do/dP| [ubarm/(GeV/c)]

I—Ibo

HADIES
w0 T
= A 1AGeV HADES |
- N 1.04 AGeV DLS
10°F & .
N 3 - |
11 13% |
7'y
1072 I n
7'y
- A .
i
10_4_| 1 1 | 1 | 1 | | | | | | | T
0 0.2 0.4 0.6 0.8
P, [GeV/c]

J. Carroll — presentation
International Workshop on Soft Dilepton Production

August 20-22,1997, LBNL

Direct Confirmation of DLS
results

Matgorzata Sudot

=
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Comparison of the data with generated cocktail [,}é&

HADES

120 +12C 2 AGeY ] Event generator PLUTO :
9. >9° ] *Thermal source (T=80MeV)
o Omn polar angle distribution from
charged manalysis
°n taken from the published data
(TAPS)
‘W : mg-scaling

—
Q
W

—
S
&)

1N, dN/dM,, [(GeV/cY)']

—
<
-~

D""'|—‘—‘H“+,_|_\’\III.H =Tt

L [T R ST | R L N
0.2 0.4 0.6 0.8 1
M., [GeV/c?]

*Cocktail A: 1 + n + W systematic errors:

“long lived components”

11 % - ™ normalization
10 % - combinatorial background

15 % - efficiency correction
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Comparison of the data with generated cocktail [,}é&

HADES

26 + 120 2 AGeV | Event generator PLUTO :
] *Thermal source (T=80MeV)

[t polar angle distribution from
charged manalysis

°n taken from the published data
(TAPS)

*w, p°: mg-scaling

*A scales with it

—
Q
W

—
<
(&)

1IN, dN/dM,, [(GeV/c?)']

O"'f-l-l-LI‘HJ_|__,I_I..\|\|H’ T

10”7
02 04 06 08 1
M., [GeV/c?]
*Cocktail A: 1 + n + W systematic errors:

“long lived components”

11 % - ™ normalization

o : :
e Cocktail B: Cocktail A + A + p° 10 % - combinatorial background

15 % - efficiency correction
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Comparison of the data with generated cocktail [,}é&

HADES

1260 + 120 2 AGeY - Event generator PLUTO :
0. >9° 1 *Thermal source (T=80MeV)
o [t polar angle distribution from
charaed manalvsis

2Cc +'°C 1 AGeV -
0. >9° .

ee

—
Q
W

-
Q
(&}
—
<
%]

Large

1IN, dN/dM,, [(GeV/c?)']

—
Q
=~

O"'f-l-l-LI‘HJ_|__,I_I..\|\|H’ T

M., [GeV/c?]

*Cocktail A: mM+n+w
“long lived components”

ccccc

1N, dN_/dM,, [(GeV/c?)"]
=

M, [GeV/cz]
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Comparison of the data with generated cocktail [,}é&

2C +1°C 2 AGeV
e > 9°

—
Q
w

1IN, dN/dM,, [(GeVicY) ]
o

<. Fi
-
107 &
H
PR IRTL W N T A TN NN T SO SO | SN S SR S S S
0 02 04 06 08
M., [GeV/c?]
'—10_2 T T T ‘ T T T ‘ T T T | T T T ‘ T T \1
— 2Cc +'2C 1 AGeV
é?‘ 10-3 j 9e*e‘>90 IE
Q)Direct
b = NN
0 0.2 04 06 0.8 1

M., [GeV/c?]

HQO8, Aspen Lodge, Colorado, USA

I-IAIJI--.

L 102F [~ 2AGev F 5
g | = 1AGeV ;
S | |=—cocktail B o |
O 10 = P - I ¥ =
i B — i : i

73 - . # /“‘*\ .
o i TV _ — \$ ———————— |
3 pmt————— :
[0 S ‘ -
> B | | | | n | | i
0 0.2 0.4 0.6 0.8 1

M., [GeV/cF]

Excess yield in the range of
0.15 < M_, < 0.55 GeV/c* seams to be

constant in case of both beam energy.

Quantify the pair excess

= Determination of the excess
above the known n-yield (TAPS)

Matgorzata Sudot HP“ e T




Energy dependence of the excess yield [/;éﬁgéx

HADES
T U U L
s 2C + ?°C 2 AGeV E . :
< ?‘i cr e o Ge 1 EXcess: pair yield above known n-yield (TAPS)
&:}*10_3 R Oge > 9 _E
% : \'p ; O — | [ [ [ [ ]
o i\\ HADES 5 10 - 26 4120 T
X : - + =
Z10° E 2 70 e 3
> $ § 1L .
° 5 S E 10 s =
z .l T ‘ 3 E
—107F S == —=
E L I T I NI N BRI * E 10 % T] %
0O 02 04 06 08 1 E =
2 = [ Excess HADES A :
Mee [GeV/CT] 10 > = Excess DLS 5
‘|O'7 = I 1
0 1 2
E, [AGeV]

Photon data

R. Averbeck et al., TAPS Col., Z.Phys. A 359 (1997) 65
R. Holzmann et al., TAPS Col., Phys.Rev. C 56 (1997) R2920
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Energy dependence of the excess yield [/;éﬁgéx

HADES
T U U L
= 12 126 4 AGeV E o .
< ?‘i © ; C> go Ge 1 EXcess: pair yield above known n-yield (TAPS)
612 10—3 2R e'e =
= e i
3 i\ HADES 5 10F 1, o T
e . Z = “C+“C 5
z0° E E 0 e 3
> X : A n -
s F RSN 10°¢
EH 7 i T ‘\\\ - §_ / _§
— 107 F E 3L —
B o b N *_ 10 = n =
0O 02 04 06 08 1 = =
M, [GeV/c? e [E HADES -4 ]
e [GeVicT] 10° EExcesspLs & -~ - g
;5 ’!” TlDalltz ’Ye+e 3;
: - 75 in 0.15 < M,, < 0.55GeV/c 3
Excess dilepton yield do not scale 107 E L SR T
with E,_. . like eta production! 0 1 2
E, [AGeV]

Photon data

R. Averbeck et al., TAPS Col., Z.Phys. A 359 (1997) 65
R. Holzmann et al., TAPS Col., Phys.Rev. C 56 (1997) R2920

HQO08, Aspen Lodge, Colorado, USA Matgorzata Sudot HP“ SRmiEes



Energy dependence of the excess yield

A\

R
‘ —_ ;‘«,ﬁ °C + °C 2 AGeV E
S n o
TO10°F o Oce > 9 =
> Foo 7
() -t : o
SN HADES 5 10
3 : <
=10°} E
= | - 3
s | TR 10
Z | i
F1O_7§_ ~ -3
R R 10
0 02 04 06 08 1
M., [GeV/c? .
[ ] 105
Excess dilepton yield seems to scale
with E,.,, like pion production! 1077

0= hints at importance
of pion dynamics!

HADES

EXcess: pair yield above known n-yield (TAPS)

I R B R ]
% 12~ 12 Q
= C +'“C E
ST
- Excess HADES = .. el E
EExcess DLS .. Pt i E
- B e L
= in 0.15 < M, < 0.55GeV/c3
E_ | | | | L | | \ =
0 1 2
E, [AGeV]

Radiation from baryonic resonances?
- Need for a quantitative
understanding of elementary processes
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Comparison with up-to-date Transport Calculations -HSD [/}é&

HADES

DLS Data: R.J. Porter et al.

HADES DLS Phys.Rev.Lett. 79 (1997) 1229
— T J — T
12(: + 12(: 1 Gevfu 10 | . %I{l_gk%ﬁc 1. 04 GEVth
10%F — A E

—
D \
IIIIIII| T TTTT I TTTTI

—— pN Bremsstr.
=== N Bremsstr.

do/dM,, [ubarn (GeV/c?)T

03

10‘1;—

10%F
: ISE— -3 I L J/-.I I |' L L | | L1 |l\-.|'- L )
0.8 1 0% 02 04 06 08 1

Mo [GeV/c?] M, [GeV/c?]

" Dominated by A-Dalitz decay and Bremsstrahlung
®  Factor 2 difference at M_, = 0.4 GeV/c? - additional contributions
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Comparison of HADES and DLS data with IQMD calculations [,;é&

HADIES

Hades CC@1AGeV Hades CC@2AGeV
N L Mi'{l)homere et al., PRC 75 (2007) 064902

I I 1 | 1 I
'?C +'*C 1 GeV/u — total
] _ . HADES
o — -3
0. >9 { 10° e | ,
. 2 -6 -
] = 10 A
Cocktail =T e Ft N x°
_§ ;‘:‘f‘q "_?’ o,
- -8 ]
] —= 10 I|
4 - !
E ! -9 I
........ ] é\h l [} ;
1 Z 0 i
3 v 10 :
] i
= -11 : . . , = . A
- 10 |
] 00 02 04 006 08 1.0
. + - "
: ) 1 [nvariant mass e e (GeV)
M,. [GeV/c?]
FIG. 7. (Color online) The invariant mass spectrum of the
. & HADES Collaboration as compared with IQMD simulations for
m M. Thomeére et al. ] ] ) C 4 Cat2A GeVousing o (np — npn) =20(pp — ppn),o(np —
PhyS.Rev.C75 064902 (2007) and private communication npw) = a(pp — ppe), M, = M, and the branching ratio () —

ete™) = 7.7 x 107° (model B).
HSD: E.L. Bratkovskaya and W. Cassing
arXiv:0712.0635v1 and private communication
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Outline and Conclusion /;;éﬁ;g;\x

HADES
Conclusion -
v" HADES + DLS: enhancement scales with beam energy
as pion production
v HADES confirms the DLS results

— DLS puzzle is solved experimentally

v" HADES will soon finalize set of the elementary data
which will put boundary conditions for the theory.

v'A lot of theoretical effort is made up to now to explain
HADES and the DLS data.

Outline

*Further systematic studies in progress (system size, centrality, beam energy)
*pA and heavy AA to investigate in-medium effects
*Elementary reactions

v> 2011 Hades at FAIR (8 AGeV)
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HADIES
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Extrapolation of Hades Data fk?é&

Fit: 1/ P, d?N / dP.dy € exp(—Co— P~ C,(* Y1,5)°)

HADIES

M., <0.15 GeVI/c? 0.15 GeV/c?2 = M_, < 0.55 GeVIc?
> 1 heemmee = -
o 13 , n 102y _ - e Ny
= : S L ITE N _— E g A1 ‘%m
10" PRI, 3 10°4 R i O
E \1‘ T B Y O : " “'?a‘i‘%
I \ “w R s e LT T TS
3. || = TR ; Iy o N
1025 Bt LY \ o 4 "-""Eﬁ ‘r‘“‘f’i‘i
=] | TN \ 1 = P e é;—‘-d’} "&F“'
5 LA ‘ﬁ'ﬁ ] ) TR T
10-3—§- g ; : : S A _ﬁE, @p 'L’."ﬁ
- RIATATE ANV 10°3 IS
10% 2 : \ - A
: T 10°- A %
0~ \ AT
0 : | ol 7 ¥ jﬂl’. 4!E 4 Nn.“.-, A
7 e B jim’ F"ﬂ h!‘ v .
Ry, 0.5 107 R L e
.\[ @ 0 1 2 0 B =
/G Y Y
3 ee ee

£%

® Efficiency- and acceptance-corrected pairs (HADES exp. data)
® Fit 2d functions
® using resulting fits to extrapolate (extrapolation in excess region < 25%)
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Comparison C + C 2GeV to transport calculations [/;é&

HADES
Calculation: HSD _
E.Bratkovskaya, ECT Trento 2007 Calculation: IQMD
-2 T T — T L— T L— T L T T T T
10, C+C, 2 A GeV — bali M.Thomere et al., PRC 75 (2007) 064902
— 10° i without medium effects — ﬁtz 10 ' total
in E— tz i — LU
> — f\:litz - 5 . HADES
9. 1()'4 o ] '> 10 ---------- 7]
2 — rpalitz w
-E Brems. pn 3 -6
%t _jl:lrlems. N - = 10} F’l
9 — .
- V| e _
E = 107 B |
= 3
-8
—= 10 I:
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M [GeV/c'] é\l_ 10 |
0", | | ‘ ‘ - ‘ ‘ | 3 Z -10 :
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- FIG. 7. (Color online) The invariant mass spectrum of the
HADES Collaboration as compared with IQMD simulations for
C+ Cat2A GeV using o(np — npn) = 20(pp — ppn),a(np —
npw) = o(pp — ppw), M, = M", and the branching ratio (n —

‘ e ‘ ‘ . ete ) =7.7 x 10-° (model B).
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